In this paper we propose a new hybrid architecture between client/server and P2P network architectures in order to provide better service quality to the end-user. To distribute and protect the content, we use a discrete geometry tool as the Finite Radon Transform (FRT) in a Maximum Distance Separable (MDS) fashion. The presented results clarify the interest of the proposed architecture in terms of QoS.
INTRODUCTION
In the last decades, Internet contents have been witnessing a very rapid expansion. This fact has incrementally undermined the usage of Client/Server (C/S) communication mode, in which the server may not support the huge loads, leading to a bad content delivery service. One solution is to simply replicate and relocate the content within a new server as done within Content Delivery Networks (CDNs). Another solution is to use a pure P2P architecture to distribute the content among peers in a load balancing manner. However, in order to provide an efficient scalable content delivery service, neither a C/S-based, nor a P2P-based architecture can reach the target alone. The centralized server of C/S architecture requires high accessibility features that may not be easily and cheaply provided [1] . On the other hand, a P2P architecture needs a sufficient number of 'seeders' (content sources) to guarantee the content delivery. In this paper, we propose to mix the centralized architecture provided by C/S protocols with the efficient load balanced repartition of P2P networks. Moreover, an erasure channel coding is included in order to improve the availability of the content among clients and peers. Some researches have already proposed to use hybrid network architecture between C/S and P2P such as http(P2P) in [2] but without specifying the mode of repartition within P2P nodes. While, in other works, like in [3] , the authors advanced some solutions for the repartition based on classical erasure channel coding i.e Reed-Solomon (RS) codes. In our work, we aim at coupling these two aspects by promoting the usage of Finite Radon Transform to reduce the inherent complexity of RS codes. The extra chunks (redundancy) produced by the FRT coding feed the proposed hybrid C/S-P2P architecture as illustrated in Figure 1 . In our scenario, the content delivery starts in a C/S mode. Then, at a given clients' number threshold at which the server becomes saturated (3 clients in the Figure) , it changes the delivery to P2P mode among the current clients that potentially accept to share their downloaded chunks. C/S-P2P hybrid architecture helps to reduce the load over the server and to provide better QoS and QoE (Quality of Experience). The FRT coding improves the content availability to the clients by providing useful extra chunks. As a contribution, in Section 2 of this paper, we show the QoS benefits of using P2P nodes beyond client nodes. In Section 3 we propose an original method for redundant chunks construction based on Finite Radon Transform (FRT) (Figure 1) . Finally, we conclude our paper and highlight some future works in Section 4. 
QOS MONITORING IN A HYBRID ARCHITECTURE
In this section we explain the hybrid C/S-P2P architecture in more details. By packet driven simulations, we show the QoS advantages of using this architecture against a pure C/S architecture.
C/S-P2P Hybrid architecture
In C/S-P2P, the server plays the role of a content provider, and of an index server. For a given content, the server continues to response to clients' requests as long as it is not overloaded. Then, when it arrives to a saturation threshold at which it cannot deliver the content to any new client, it starts to redirect the new clients (leechers) to retrieve the content from the other clients (seeders) that are already present in the system and that are receiving that content. Each new leecher will register its request to the seeder that it wants to obtain the content from, accompanied with the maximum transfer rate it wishes. At this point, the seeders will know the number of leechers that want to retrieve the content from them. Therefore, they will divide their uploading bandwidth by that number, to fairly meet the demand of all the leechers.
C/S-P2P Hybrid architecture vs C/S architecture: Comparison simulation
In order to prove the efficiency of our C/S-P2P hybrid approach, we had to study several important parameters, such as the scalability of the system, the C/S clients' number threshold and the effect of the uploading and the downloading rates of the clients in an asymmetric context, regarding the access network itself or the user preferences.
Simulation environment and setup
Our simulations have been done using Qualnet network simulator 1 . The tested C/S application is an FTP (over TCP). For this file sharing application, we focus the QoS monitoring on the throughput (in bit/s). We use a 20 MB content file. The dynamic topology features 150 nodes (one nodes arrives per second). For each node, the downloading and the uploading rates are fixed to 6 Mbits/sec and 700 kbits/sec respectively. While, the global downloading rate from the server is fixed to 100 Mbits/sec. Figure 2 represents the throughput using C/S-P2P architecture with a C/S clients' number threshold of 100 nodes (first 100 nodes are clients connected to the server and the remaining 50 nodes are peers). We can clearly see in this figure, the benefits in throughput for peers at this threshold (6 Mbits/sec vs 2Mbits/s for pure clients). This brings a first interest of transferring towards P2P communication mode at a certain threshold, to reduce the load on the server.
Simulation results
In its turn, Figure 3 shows the data rate evaluations at the sending side, with a C/S clients' number threshold of 100 nodes. This simulation clarifies the clients (peers) participation role in the content delivery service. In our approach, the 1 based on GloMoSim available at http://www.scalablenetworks.com/products/qualnet/ main contribution comes from the first arrived nodes (mainly clients that are directly connected to the server). Hence, the more late the peer arrives, the less its sending data rate will be.
FINITE RADON PROTECTION SCHEME
In this section, we present the Finite Radon Transform (FRT) as an erasure channel coding for redundant chunks generation that will feed the C/S-P2P network architecture.
Finite discrete Radon Transform
FRT operators definition can belong to two formalisms: discrete geometry and polynomial representation. The former allows the describing of simple linear relationships between the data (image) domain and the projected space elements. While, the latter is necessary for building suitable algorithms that provide erasure recovery capabilities when some elements are missing.
For FRT, the original image (data) size p is always prime. It transforms a p × p image into a (p + 1) × p representation. By applying periodic boundary conditions ((p, p) = (0, 0)), FRT will be defined as follows: 
Erasure channel coding with FRT
In this section we explain a possible implementation of the FRT for erasure channel coding. We first describe the the original data packing, then we present the data recovery algorithm when some projections are missing.
Data packing and coding
Initially, FRT is redundant by the last projection R p (t) resulting in the summation of each line in the image space [4] . By applying small constraints, it is possible to modify this to obtain a 1:1 mapping and so a Maximum Distance Separable (MDS) coding. The two following sub-sections describe where to apply the constraints (in the image or in the FRT space) in order to obtain two coding schemes: non-systematic and systematic.
Non systematic coding
In error control coding theory, non systematic means that data does not appear in the coded packet stream (the first k packets are not data itself). In fact, projections in the FRT are directly the coded packet. To get 1:1 mapping, the constraint is applied on the image domain by forcing all the row sums to zero using a parity values (the opposite value of the current row sum) in the last column. Figure 5 shows this first scheme. This constraint implies two results in the FRT domain: the sum of each row as well as the last row are equal to zero. Typically, it is not necessary to transmit all these null data. By these small constraints applied on the data field, the coding works now from p × (p − 1) to a p × (p − 1) space that is required for the MDS property.
Systematic coding
Here, data belongs explicitly to the coded packet stream (the first k packets are data itself). To obtain this scheme, we choose to send out the image domain (still decomposed by k and r data and redundancy packets) rather than FRT projections. To the previous constraint, we add another one that consists of forcing the first consecutive r rows in the FRT space to zero as depicted in Figure 6 (assuming iterative deconvolutions that are not described here). In FRT (and Mojette) formalism, we speak about ghost when such data are not visible in the projected space. In the case of data erasures, this FRT area changes for non zero values, making the ghosts appear. This will allow the error detection and correction.
The main interest of systematic construction is that the complexity is null when no erasure happens.
Erasures recovery
Several algorithms have been proposed to perform the inversion of original FRT. Algebraic reconstruction technique (ART) and filtered backprojection (FBP) are two possible examples [5] . In our work, we perform a particular reconstruction when some FRT rows are missing and 1 to 1 mapping is applied (a row solving algorithm as mentioned in [6] ). The erasure recovery algorithm exploits the possible polynomial representation of FRT rather than geometric formulation of equation 1 of section 3.1. As determined in [6] , Vandermonde matrices appear in the direct and in the inverse transforms. This creates an important connection between geometric and algebraic formulation of erasure channel coding. Once Vandermonde matrices are demonstrated as the core coding and decoding operator, we apply a common method [7] to invert those particular matrices. Since any sub-Vandermonde matrix is invertible by definition, we can correct any erasure pattern. For a complete description of the algorithm, please refer to [6] .
CONCLUSION
To cope with the limitations of content delivery using pure client/server or P2P network architecture, we proposed in this paper a hybrid network architecture (called C/S-P2P) combining with an erasure channel coding based on Finite Radon Transform (FRT). The global scheme helps to reduce the load over the server, while providing better QoS and QoE and better content availability. The obtained results clarify the interest of C/S-P2P compared to a pure Client/Server architecture in terms of network throughput. Currently, we are working on more complex simulation scenarios implying more than one server as a CDN to confirm the relevance of our hybrid architecture. Furthermore, we plan to do real experimentations based on a light BitTorrent library over virtual machines. Besides, we aim at extending the work to multimedia applications (with scalable video content).
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